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i xniB 

METHOD FOR MANUFACTURING A COMPONENT AND A COMPONENT 

5 TBCHNICAL FIELD OF THE INVENHON 

The present invention relates to a method finr fid>ricating and assembling a componoit fbr 
electromagnetic waves. The component comprises a substrate provided witii a cavity. 

10 BACKGROUND OF THE INVBNnON 

The growing use of micro car millimetxe ftequencies* especially within wirdess communications 
requires low-loss, hiij^ Q passive conqponents. One important aspect is die fibrication process 
of tfiese conqtonents, which must be inexpensive and allow batch processing. 

15 

Filters, far exan^tet are one of the most tmpoitant cimiponents. The prior art cavity filtera or 
other microwave or millim^ie wave elements made in micromachined techmqae a|9ear as they 
were milled in metal, i.e. they have popcndicular angles in quadratic and square shaped 
"lioxes". These are simple to conqmte and eaqr to eich, for example, if low productive diy 
20 ctdiing method is used* 

It is known to etch a [1 10] silicon substrate by means of &st wet etching methods; however, 
th^ follow crystalline structure, which usually are approximately 60 degrees. Some cheap 

z'Vt sensors for air bags, fbrmample, aredesignedingeometricalshapes that suite wet etching. 
: 2S These sensors do not use radio frequencies or cavities but through vibrations they sesse motion 

*/ and they are produced by etching off silicon volumes. 

Wet etching is a blanket name that covers the removal of matmal by immersing the wafer in a 
,^:r liquid baih of the chemical etchant Wet etchants fall into two broad categories: isotropic 
' ] [[ '30 etchants and anisotropic or preferential etchants. 



Isotropic etchants attack the material bemg etched at the same rate in all directions. Anisotropic 
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etdumts attack fhe silicon wafer at different rates in different directions, and so Oere is more 
conliol of the shapes produced. Some etchants aiiack silicon at difBerent rates deptedins on die 
concentration of the impuritiBs in die silicon (concentration d^iendent etching). 

5 Micromachined filters in which the cavities are attached to a metallic It^yer and the **cap" of the 
filter having slot connection made through conventional ciicoit board manufacturing technique 
is described in high p^onxiance K-Band dipl^er using higb-Q micromachined cavities**, 
Michael J. Hill et al, department of Electrical and Computor Engineering, University of 
Arizona, Tucson^ AZ 85721-0104. Acoozding to diis p^ier, which is directed at microwave 

10 diplexers two high Q cavity resonators, a Durotd-baaed high perfbrmance dqdexer has been 
designed, fid>ricated and measured. This diplexer diows tiansmit/receive bandwidibs of 2.39% 
and 1.8% and insertion losses of 2.38dB and 2.89dB, respectively. Oiannel cenm fiequencies 
of 18.8QH2 and 20.7GHz provide a diaraiel s^aration of api^ximately 9% and cfaanneUto* 
channel isolation greater than 24dB. Utilizing madisned aluminium cavities and a Ouroid 

15 substrate fhe diplexer design provides insight into cavi^ based diplexer construction, allowing 
fi>r fhe design of a silicon based micromachined cavity diplexer. Simulation results fi»m this 
silicon-based diplexer are also {Hvscnted- One disadvantage with machined filters in Duroid- 
based technique is not being suitable fbr low cost batch production. In addition laigie tolerances 
do not allow fabrication of filters with desired pa£>m)dnces. 

20 

Cavities having inclined walls are known through '*A Finite Ground Coplanar line-To-Silieon 
Micromachined Waveguide Transition*', James P. Becker et al, lEEB Ttansaetions on 
NGerowave Theory and Techniques, Vol. 49, No. 10 October 2001. A chaimel is etched through 
'*[ ' a wet anisotropic etchiiig. The channel has a triangular cross-sectioa Thus, this d 
* 25 coiicernsaru>fber planar etdung technique, intended fcMTlug^ 

SUMMARY OP THE INVENTiON 

r 30 The main object of the presem invention is to provide a microwave or millimetre wave element, 
sudi as a wave guide; resoiuttor, filter, diplexer ^ the like having a substrate made dnougib 
removal of material by immersing die wafo: in a liquid bath of fhe diamical eidiant or wet 
etching, which is a much cost effective process dian dry etching. 
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Another object of fhe present invention is to provide a filter anangem«it» vAdch is siiitd>te for 
silicon etched large-scale production. Another object of ttie present mventton is to provide a 
cost eSiBCtive high perfonnance filter for coQuneanial radio equqpmen^ sudi as Blaetoofli, 
s mobile radio conunumcaiors. base station antennas etc., and especial^ tar hig^ frequency 
plications. 



SIM 6j< 23 




Thus, die invention inesents a mediod for fiAnicatizv a cavi^ on a substrate for a ccnq^onent 
for electiomagnetiG waves. The method comprises providing said cavity by removal of material 

1 0 ficmi said substrate by removal of nutterial by immming the substrate in a liquid bath of a 
chemical etchant, so that resultant cavity has a top and a bottom side and sidewalls, and said 
cavity at one of said top and/or bottom sddes exhibits an at least a four sided opening having at 
least two different adjacent angles. According to one embodiment* die component (taither 
comprises a conductive layer aitanged as a ground plane covering said substrate* said ground 

15 plane being provided with at least one coupling slot and at least one conductor. The ground 
plane is connected to a component elemrat, which is inserted into said cavity in said substrate. 
Preferably, Oi© substrate is made of [110] silicon. The component is one of a filter, diplexer, 
resonators or Twatr^^ing n^orks. Preferably, the subsnaie is etched from bodi sides. 



20 The invention also relates to a component for electromagnetic waves. The conqKment 

comprises a substrate provided with a cavity being produced by removal of malarial from said 
substrate by iramereing the substrate in a liquid bath of a chemical etchant The cavity has a top 
and a bottom side and sidewalls and at one of said top and/or bottom sides exhibits an at least a 
" fbur sided opening havmg at least two difffeiaat adjacent angles. The c^ 
/ .25 con^rises a conductive layer arranged as a ground plane covemg said substr^ 
plane is provided with at least one coupling slot and at least one conductor. T^^ 
connected to a component element, vMdi is inserted into said cavity in foe substrate. Most 
preferably, die substrate ismadeof [110] silicon. Thecomponent is oneof afilter, diplexer^ 
resonators or m^tr^^'^g networks. The conductive plane is nude of a metallic layer. According 
30 to one aspect of the invention, toe cavity is arranged in aresonator arrangeracni with coplanar 
. . / waveguide (CPW) couplings^ comprising said subsmite with micromachined through cavity 
witti electroplated surface. Preferably, the cavity is made dirou^ prdisrential etching fiom the 
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both sides of the subsaate, having said sidewaUs pcapendicular to the siv&ccs of the cavity. In 
one embodiment the substrate is enclosed within a housing of dielectric material. The cavity has 
alensib. said length n\ where n = 1.2...., wherein Xis the wavelength. 

5 Prefiaably.microstrips are ananged on a cap. The component is provided wifljlw 
Coplanar Strip (CPS) waveguide input and ea^ut-coupUngnetwoiks. 

Preferably, tho cavity is rhombus sh^ied while, end sections of said strips are angularly 
arranged rehrtive cavity edges. In one embodiment, the end sections of tlM strips fi^^ 

10 edges. i.e.thay have same an^ as die cavity edges. 
BRIEF DESCRIPTION OF THE DRAWINGS 

b the fbUowing. tbs hivention wiU be further described in a non-limiting way under reference 
15 to the accompanying drswings in viAieb: 

Kg, la schematically illustrates a top view of a substrate ftbricated according to the 
invention. 

Fig. lb is a cross section Uuougb the encircled section in Fig. I , 
20 Fig. 2 schematically iUustrates a top view of a substrate febricated according to flie 

Fig. 3 is a cross section along line n-n in Kg. 2. 

Fig.4 is a perspective view ofsubsttate in ttieconv«»«t««»«ding to Pig. 2, 

Fig. 5a isaeross-sectionthrou^acavitymsonatorarrangememaccordingtoilieinveiitian. 

- 25 Fig.5b is a cross-section throufijh a cavity resonator arrangement according to another aspect 

of the inventioii. 

Fig. 6a is a petqieetive exploded view of a cavity rescmaior arrangement. 

Fig.6b isaper»pectiveviewofana88embledcavityresonaioranrangBmentinFig.6a, 

Fig. 7a is a perspective exploded view ofacavityresonaior arrangement, according to 

'. 30 another embodiment 

Fig. 7b is a pcrspeetive view of an assembled cavity resonator ammgemeni in Fig 7a. 

FigB- 8-10 iUusttate exemplary coupling-netwotlc orientations for cavity resonator arrangements 
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5 

aeeofding to ttie inveati<n. 
DBT AILBD DESCRIPllON OF THE EMBOIHMENT 

Accoiding to die invention, a microwave filter or similar conqionent is fiinned in cavities, 
which are adapted to the geometries that are shi^ed through wet an-isotropic (praferaitial) 
etching of siUcon wafers. The filter is buried inside a substrate, parts of whicb ocmstitatB die 
walls of the filter. Fig. 1 a iUustiates a top view of flie result of the wet etching to a sUicofn wafer 
10. The cavity 1 1 does not exhibit arectangular diaper rather a Aombic shape, die c«i^^ 
which can have the approximated angels of a »70»aiid^ -KW. AsiUoatratedfaFig. lb,al8o 
dw eomeis of the csavity 1 1 aie inclined and exhibit angles a «125* and^ »125» For [llOJ 
orientatifm of silicon and angles of cavity in horizontal plane. it» speed of the etching process is 
much fiBier and the caWUes wiUi walls normal to the wafer are fenned. The etching is 

conducted ftom llie horizontal phme (with respeet to die plane of the drawiqgi) usmg 
IS preferential etching orientation. 

Fig. 2 is a top view of a filter arrangement 20 according to die invention and Fig. 3 is a cross- 
sectional view along line n-E. The filter is discloeed as an exemplary component and die 
mediod of die invention can be used to manufiwture ottier similar components. The dashed line 
21 Ulustrates die buried filter boundary in a cavity. The cavity is substantially rhomb shaped, 
i e. a square in which the two aSacent coiners a and 6. seen team above, have diffcreBt angles. 
The cap 22 comprises a metallic material layer or conductive plane constituting a ground plane. 
Two coupling microstrips. 23 and 24 extend over coupHng slots 26 and 27. respectively. One 
microstrip and coupling slot combination, e.g. 23 and 26. acts as an input and die odier 
microstrip and coupling slot combination. e.g. 24 and 27. acta as an ou«»ttt. The lengdi of die 
input and output coupling strips 23, 24 over die cavity U atleast V4 over the eavity, whereto X 
is die waveUmgdi of die micrtiwave. As can be seen to Fig. 2. die microsuips are arranged 
above a dielectric layer 28. 



The substrate 3Q, as iUustrated to Figs. 2 and 3, is provided widi a cavity 31, toto which die 
filter is lowered. Due to die effects of die wet etching process, also die walls 32 of die cavity 
exhibit inclination, angle of which can be as much as 60 degrees. However, diis wiU not afffect 
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Ae performance of the filter . The cavities constituting filter charibeis 20 can be iaIwHxmnected 
thiougl) passages 33. as shown in the pe«pective view of Fig. 4. Also, the angels p and { 
between the walls nay be non-peipendicutar, p = I and | - TO*- 

The fidnicafion steps, ttius, comprise: 
Providing a conductive plane 

Arranging the conductive plane with coupling openings thiouj^i nulling etc 
Providing a microwave element on a fiist surfiwe of said conducliwe plane 
Pioviding a dielectric Uyer on a second surfiM» of add cmductive pto 

Arranging microwave conductors on the didectiie layer 
Providing a silicon wafer wi* [1 10] orientation 
- Exposing selected areas on said silicon plaie to wet etching undl caviliea of desired 
depth are produced, and 

Covering (electi«platin«) ^ * conductor (©.fr made of Cu. An. 

IS etc.) 

Attaching said conductive plate to said silicon jflali^ e.g. by means 

bonding. 

Above example relates to a multich* module. It is also possible to provide a cavity eldbed 
toough the substrate. Figs. Sa. 6a and 6b ilhistiate a cavity resonator a^ 
coplanarwaveguide(CPW)coupliagS.comprishigasubstrate50l wiflimicromachinedthroutf, 
cavity SI with elcctx<^su,feceS9.Fig. 6a is anexploded view inpe^ 

illustrates the assemblediesonater arrangement SO. The substiateSO^ 
conductive UyerS9may consists of eopper(Cl«. silver (Ag) or any ofirersuit^lecond^^ 

materiaL The cavity is made fl«toughpn:fc«ntialetdungfiomtt^ 
this case the wdls of fl«caviiy«repeipendic»U« to fteswfi-^ of the cavity. TT» 

enclosed widun a hoosmg S02 of dielectric materiaL The niicrost>q>s 53 and 54 are arranged on 

the top layer or die cap 52, 

30 Fig-SbiltaslratesasiTiconpUtfeSObmicromaohinedthroughfiombothsid^ 

and bottom snr&ces. Tie surfiices are electroplated S9b. The preferential etching is done w,th 
shnilar masks ftom both sides, thus, resulting in same etdung Shapes, in ti^ 



20 



25 
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the cavity 5 lb are substamiaHy petpendicutar to ±t surface of the cavity. 

m output and iiiput coupling netwoiks a« CP W. Ih the priw 

coi^Ung nucrostrip lines are usuaUy at least V4 (X= wavelength of the microwave signal) long 
5 over the cavity. To be able to provide input and output coupling sections electtomagneticany 
isolated, the length of the cavity nwst be n\ where n » 1 . 2.. ... This nudces t^ 

cavity much longer than a minimum possible vahie V2. 

To keep the size of the cavity and the manuftcturing costs low CP W or Coplanar Strip (CPS) 
10 waveguide input and output-coupling networks can be used. The perspective views of Figs. 7a 
and 7b iltastiale an embodiment having CPS. Fig. 7a is an exploded view and Fig. 7b w 

assembled xesimatDr anangemenit 70. 

hi contrast to the mierostrip coupling, the maximum of the current, i.e. generating the magnetic 
IS fieldH (Figs. 6a and 7a) is generated at the ends of &e short circuit CPW and CPS. The 

magnetic field lines are well matched with the input and output walls of the cavity, and for this 
reason the total length of the cavity is not limited by the coupling networks, which is fte^ 

with tfie micmstrip. The minimum possible length may extend to >/2. 

20 hi Figs. 8 to 1 0 some exemplary possible coupling-netwoiic orientations are iUustrated. The 
dashed UneSl corresponds to the edges ofthe cavity in filler arrangements 80a-80c. The 
couplmg strips axe denoted with 83a-83c fin: inputs and 84a. 84c for outputs. 

to Fig. 8 , Ae cavity is rhombus shaped whUe. the end section of the strips are angolariy 
2$ ananged relative the cavity edges. In Fig. 9. the end sections of the strips fi»llow tf» cavity 
edges. i.e. th^ have same angle as the cavi^ edges. 

In Fig. 1 0. stubs S2 and S3 are used for adjustment of the coupling strength of the input and 
output CPW with the cavity and for the maicWng with the impedance of input/output CPW. U. 
30 forreductionofthereflectionsftomthecavity.Thisisachievedbyoptimislngthedhne^ 

Ll,L2.U.W2.S2andS3. 
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Additional adju««mciit of the coupling strength and minimiaitioi, of the reflection losses is 
achieved by determimng «»e dielectric constant and the Sickness of the CPW snbsoste and the 
wdtb and length of the slot in the ground plane of the CPW. i. e, ttw cover of the 

same time. 

■me filter according to the invention can be used as a high perftenance filter in c«B«wcial 
radio and telecommunication equipment, such as Bhietooth and mobile tolephonea. suitably but 
not otclusively operating over 40 GHz. Moreover, the eomponent accordmg to the invoBlum 
can be used as a diplexer, resonator or matdung network. 

The invention is not limited die shown embodiments but can be varied in a number of ways 
without departing ftom the scope of the appended claims and the anangpmeat and the method 
can be iniplemented in various ways dqiending on application, flmetional units, needs and 

requironents etc. 
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CLAIMS 



1. A method fi»r fi*ricatlng a cavi^ (II. 21. 51) in substrate (10. 30. 501) for a component for 
deettomagnetic wwes. the method comprising providing said cavity by removal of material 
ftom said sabsmte by removal of material by immersing the substrate in a Uquid bath of a 
chemical elchant, so that resultant cavity has a top and abottom side and sidewalk, and said 
cavity at one of said top anchor bottom ades exhibits an at least a four sided op 

at least two difiSacem adjacent an£M- 

2. The method of claim I, wherein said component flirther comprises a conductive l^ 
ananged as a groimd plane (12) covering said substrate, said ground plane being pto^^ 

with at least one coupling slot (16, 17) and at least one condactor (13. 14). said ground 
plane being connected 10 a componert elemem (1 1), which is inserted into said ce^ 

in said substrate. 

3. Method of claim 1. 
eharactetised in 

diat said substrate is made of [1 silicon. 

20 4. Method acc(»dtng to oae of claims 1 to 3, 
characterised in 

that said component is one of a filter, diplexer, resonator or matching network. 

5. Mediod according to one of claims 1 to 4, 
2S charactoisedin 

that said sabstcate is etched from both sides. 

6. Acomponentforelectromagneticw8ves.saidcomponemoompri8n«asidis«w^ 

501) provided wift a cavity (11, 21, 51) being produced by removal of material ftom said 
30 substiateby iimnersing the substrate in aliquidbath of aeihemical ettaiam. said cavity 
having a top and a botU>m side and sidewalls, 
cliaracterised in 
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tbdt said caviiy at one of said lop and/or bottom sides exhibits an at least a four sided 
opening having at least two diffeient adjacent angles. 



7. Tbeconiponentof elaim6, 
5 diaracterised in 

that said component further comprises a conductive layer arranged as a ground plane (12) 
covering said substrate, said grouxul plane being provided with at least <mc coupling slot 
(16, 17) and at least one conductor (13, 14), said ground plane being connected to a 
component element (11), which is inserted into said cavity (21) in said substrate. 

10 

8. Thecc»iqKmalofcla]m6or7. 
characterised in 

that said subatrste is trade of [1 10] silicon. 



15 9. The component according to one ofolaims 6 to 8» 
charactmaed in 

ttiat said component is one of a filter, diplexer, resonators or matching netwoiks. 



10. The cmnponent of chum 7, 
20 characterised in 

that said conductive plane is made of a metallic layer. 



11. The component of claim 6, 
characterised in 

25 diat said cavity is arranged in a resonator airangmient (SO) with coplanar waveguide (CPW) 
coi^lings, comprising said substrate (SOI) with micromaciiined duou^ cavi^ (SI) with 
electropteted sur&ce (Sd). 



12. The conqsonent according to one of claims 6 to U» 
30 characterised in 

that said cavity is made thiough prefmntial etdbing fiom the bob aides of die subsimte, 
having said sidewalts peipendicular to the sur&ces of flie cavity. 
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13, The Goznponent of claiin 6, 

characterised in 

that said substrate is enclosed within a housing (502) of dielectric material. 

s 

14. The componoit of claim 10, 
characterised in 

Oat microstrips (53, S4) are ananged on a cap (S2). 

10 15. The con^onait according to one ofdaims 7 to 15, 
characterised in 

that said cavity has alcnglh . said length n\ wheren« 1. 2,..^^ 

1 6. The coxnponoit of claim 1 1 » 
15 charactmsed in 

that the components is provided with tow CP W or Coplanar Strip (CPS) waveguide input 

and ouiput^eottpUng networks. 

17. The compon»t of claim 14. 
20 characterised in 

that the cavity is rhombus shaped while end sections of said strips are angularly arranged 

vdative caviar edges. 



18« The component of claim 14, 
25 characterised in 

that end sections of the strips &Uow cavity edges, i.e. they have same angle as the cavity 

edges. 

1 9. A method of fabricating a component according to claim 8. camprising the steps of: 
30 - providing a conductive plane, 

arranging the conductive plane with coupling openings througb milling, 
providmg a microwave element on a first surftce of said conduciive plane. 
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providing a dielectric layer on a aecond sur&ce of said conductive plane, 
ananging microwave conductors on the dielectric layer^ 
providing a silicon wafer with [110] orientation 

exposing selected axeas on said silicon plate to wet etching until cavittea of desirod 
5 d^th are produced, 

covering (electroplating) the etched surfaces by a conductor, and 

attaching said conductive plate to said silicon plate, e.g. by means of anodic bonding. 
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The present invention relates to a method for fid>ricating a cavity (1 U 21, SI) in substrate (10, 
30, SOI) for a component for electromagnetic waves, the meOiod con^rising providing said 
S cavity by removal of material fix>m said substrate by removal of material by immersiAg Has 
substrate in a liquid bath of a ch«nical etchant, so that resultant caviQ^ has a top and a bottom 
side and sidewalls. and said cavity at one of said top and/or bottom sides exhibits an at least a 
four sided <q)ening having at least two diffoem adjacent angles. The xsvention also rdates to 
the eonq>Qnent iior microwave applications. 

10 

(Fig. 2) 
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Fig. 1b 
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